T HE barley yellow dwarf virus disease (BYDV) recognized as a destructive disease on small grains in many parts of the world. Failure to control this disease, or the aphid vector, by cultural methods has placed emphasis on the development of resistant varieties. With few, if any, exceptions all of the commercial barley varieties grown in the United States are susceptible to BYDV. Although a few varieties have some tolerance none have sufficient resistance to be used as parental material in a breeding program.
Emphasis in this investigation was on finding suitable sources of resistance for use in the development of resistant varieties. A major part of the barley varieties in the world collection assembled by the New Crops Research Branch and maintained by the Cereal Crops Research Branch, both of the U. S. Department of Agriculture, was tested for reaction to yellow dwarf. The most promising sources of resistance found at Davis, California, are discussed in this paper. Although evidence exists which suggests differences in virulence among strains of the virus, tests in other areas indicate that many of the varieties enumerated in this paper will be suitable as parental material elsewhere.
MATERIALS AND METHODS
A total of 6,689 barley varieties, representing nearly all the entries in the world collection through C.I.9867, z were tested for reaction to yellow dwarf. The tests were made over a 6-year period (1956) (1957) (1958) (1959) (1960) (1961) , approximately ~ of the collection being tested during each of the first 3 years. Those entries having a resistant reaction were included in each of the subsequent tests, with all resistant varieties tested simultaneously in the 5th and 6th years. Consequently, all varieties showing resistance were tested at least 3 times.
The varieties were grown in single 8-foot rows, about 40 plants per row, during the initial testing. Two replications were grown in 1960. A susceptible check, 'Club Mariout' ('C.I.261), was included at 40-row intervals to provide a measure of intensity and uniformity of infection. Varieties previously shown (2) to have high level of tolerance (C.I.1227, C.I.1237, C.I.2376, and 'Abate' (C.I.3920-1)) were included also at 40-row intervals as a guide for measuring the level of resistance of the new entries.
All tests were made under field conditions at Davis, 'Calif. Techniques of rearing aphids and methods of inoculation have been described previously (3) and will be mentioned only briefly. The aphids were reared and increased in plots of susceptible barley (aphid traps) adjacent to the test plots. Susceptible barley varieties-Club Mariout and 'Bonneville' (C.I.7248)--were planted in the trap at 3 different dates, the first planting about the middle of September. This provided succulent plants in the trap during February and March, when natural aphid build-up was most rapid. Viruliferous aphids, obtained from infected volunteer plants, were introduced into the trap throughout the fall and winter months.
Planting dates of the test plots were determined by the rate of development of the plants and aphids in the trap. An attempt was made to have the test material in the 3-leaf stage when aphid numbers in the trap were at a maximum. Planting dates during the 6-year period vari!ed from February 1 to March 8, the latter a consequence of coo[ winter temperatures which retarded aphid development. Aphid-bearing plants in the traps were cut and carried to the adjacent test plot. Vigorous shaking dislodged thẽ Contribution from the Department of Agronomy, University of California, Davis, ,Calif. Received Feb. 18, 1963. =Professor of Agronomy, formerly Graduate Assistant (now Assistant Professor, University of Minnesota), and Laboratory Technician, respectively. C.I. refers to acce,sion number of Cereal Crops Research Branch, CRD, ARS, USDA. aphids, which subsequently crawled to the plants. In most years, natural aphid flights, primarily from the adjacent traps, supplemented the manual inoculation. The apple grain aphid, Rhopalosiphum fitchii (Sanderson) (R. Dadi L.), and the English grain aphid, Macrosiphum granarium (Kirby), were the principal vectors, although both the rose grass aphid, Maarosiphum dirhodum (Walker), and the corn aphid, Rhopalosiphum maidis (Fitch), were present in smaller numbers. Based on susceptible checks and entries, the percentage of infected plants during the 6-year period approached 100%.
Classifications for disease reaction were made when the plants were in the tillering, jointing, and flowering stages. Disease ratings were made on a 0 to 4 scale, based on a combination of discoloration (yellowing or, in some cases, reddening), dwarfing, and general thriftiness. In general, dwarfing appeared to be the most reliable criterion of plant reaction.
The following scale was used: Type 0--Immune: no visible dwarfing or discoloration Type 1--Highly resistant: trace to slight discoloration, none to slight dwarfing; plants appeared thrifty and vigorous throughout their growth Type 2--Moderately resistant: moderate discoloration, limited dwarfing Type 3--Moderately susceptible: extensive discoloration, moderate dwarfing Type 4--Susceptible: severe dwarfing and discoloration; in some cases the plants were killed.
As a refinement in 1960 and 1961, the readings within each class were delimited more precisely by using plus (+) or minus (--) symbols. The symbol T (trace) was used to designate those selections in which only an occasional plant showed a trace amount of discoloration and, although not immune, appeared to be more resistant than those classified as 1--. This refinement is believed to be significant since there was close agreement between readings in each of the 2 replications, as well as among the readings made at the different stages of plant growth.
Since a uniform scale was used and the level of infection was high in all tests, the scores were made comparable by computing a mean reaction value for each entry based on the number of tests. The plus, minus, and trace notations were assigned numerical values of +0.3, --0.3, and 0.5 respectively.
EXPERIMENTAL RESULTS
Based on 3 to 6 years of testing, 117 entries had mean reaction values of 2.00 or less. These are listed in Table 1 . While the majority of the other 6572 entries were fully susceptible, a few had mean values slightly greater than 2.00 and, probably were as resistant as some of those listed. However, those with mean values greater than 2.00 received a type 3 (moderately susceptible) classification at least 1 test and, therefore, would be of less interest in a breeding program.
In general, there was good agreement in classification among the different years a variety was tested. Infection was uniform and severe throughout the testing period; plants of the susceptible check variety Club Mariout were severely dwarfed and discolored, with few, if any, escapes. It is believed that the variation in classification which did occur was significant in that those entries with variable readings among years (types I and 2) were definitely intermediate in their symptom expression to those that consistently gave either a type 1 or type 2 reaction.
Although the mean reaction values of the 117 entries listed in Table 1 form almost a continuous series from 0.63 to 2.00, different levels of resistance were suggested on the basis of severity and consistency of symptom expression.
